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TRIP D. GEOLOGY OF THE OLD SPECK MOUNTAIN QUADRANGLE*
Leader: Daniel J. Milton, U. S. Geological Survey, Cambridge, Mass.
STRATIGRAPHY
The stratigraphic nomenclature developed by M, P. Billings and his 
co-workers in northern New Hampshire is in general valid in this quadrangle, 
but is used here only in an informal sense. The sequence, starting with the 
oldest rock unit, is described below.
AIbee formation: Mainly quartzite, commonly showing "pinstriping",
thin micaceous partings a few millimeters apart. There is some schist. Be­
cause only the upper part of the formation *s exposed in this quadrangle,
0
many outcrops are transitional to the Ammonoosuc volcanics,/ith highly 
feldspathic and chloritic quartzites. Amphibolite is abundant, representing 
pre-metamorphic basalt sills and dikes. The AIbee formation is considered 
to be of Ordovician age.
Ammonoosuc volcanics: Biotite schist, chlorite schist, amphibolite,
minor feldspathic quartzite and aluminous schist. Most of the formation was 
originally dacitic or andesitic, tuffaceous sediments. Metavolcanic rocks 
of basaltic and rhyoltic composition are less abundant. The age is middle 
Ordovician.
Schist and quartzite unit: Two-mica schist and schistose quartzite,
usually with garnet and staurolite. Commonly sulfidic and occasionally 
graphitic. Pinstriping is absent. In stratigraphic position and in 
lithology this unit corresponds to the Ordovician Partridge formation of 
western New Hampshire. However, because of complex intertonguing of this 
and the preceding lithologic types in northern New Hampshire and north­
western Maine, this unit will be given a local name.
A major unconformity (post-Taconic orogeny) separates the preceding 
units from the Littleton formation. Evidence for the location and even the 
existence of the unconformity is less clear within the Old Speck Mountain 
quadrangle than in many other areas.
Littleton formation: As mapped in this quadrangle, this formation
may include units older or younger than those represented in the type area 
near Littleton, New Hampshire. Seven lithologic facies have been mapped. 
Because of repetition and interfingering, and a rapid thickening from north­
west to southeast, these rocks only approximate distinct stratigraphic units. 
In tentative order from oldest to youngest the faces are:
Amphibolite: A dark, dense metabasalt, locally with pillow struc­
ture. This unit, which lies at the base of the Littleton formation on the 
northwest, may actually belong in whole or in part to the Ammonoosuc
volcanics.
%
Biotite schist: Characterized by the absence or scarcity of
muscovite and sillimanite. This rock corresponds in composition to many
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greywackes and some tuffaceous sediments.
Gneiss: Schist, dominantly biotitic, with knots, veins, and pods
of granite, locally grading into a wispy granite. Restricted to the south 
side of the syncline, this may be the migmatized equivalent of the biotite 
schist.
a
Lime silicate granulite: A thin unit, characteristically thinly
bedded, composed of quartz, calcic plagioclase, and such magnesian and 
calcic minerals as phlogopite, hornblende, and diopside. Originally a sandy 
or shaley dolomite. This unit may correspond to the Boott member of Billings 
(1956) of the Littleton formation in New Hampshire.
Quartzite and conglomerate: In part clean coarse-grained quartzite
and quartz pebble conglomerate, suggestive of the Clough quartzite of west­
ern New Hampshire. Also beds that would be included in the next unit except 
for the abundant to sparse content of pebbles. In the Mahoosuc Range in the 
southwest part of the quadrangle this unit may be several thousand feet 
thick.
Interbedded schist and quarzite: Schist, usually two-mica, and
quartzite in approximately equal amounts in beds an inch or a few inches 
thick. Regularity of interbedding and graded bedding are poorly developed.
Two-Mica schist: Peraluminous schist with muscovite and biotite
in roughly equal amounts. Sillimanite, or staurolite in the lower grade 
area, is usually present. Lime silicate concretions are common.
Three distinct groups of granitic intrusive rocks have been mapped.
Granodiorite of Unbagog Lake: Hornblende granodiorite and diorite,
occupying the low ground around Umbagog Lake in the northwest of the Old
Speck Mountain quadrangle and in adjacent quadrangles. This granodiorite is 
intruded and locally metamorphosed to a homblende-biotite schist by the 
ordinary intrusives of the New Hampshire plutonic series. It is probably 
the earliest phase of this series, but could possibly be considerably older, 
perhaps even of the Highlandcroft plutonic series of Ordovician age.
Granite gneiss: Foliated granite, quartz monzonite, and grano­
diorite occurring in large sill-like sheets in the Ammonoosuc volcanics. 
Perhaps in part recrystallized felsic volcanics. These rocks are correlated
with the Oliverian plutonic series of New Hampshire.
Post-metamorphic dikes: Mostly diabase, some lamprophyre, boston,-
ite, and a breccia-filled volcanic neck. Such dikes in New Hampshire are
generally assigned to the White Mountain plutonic series of Permian age.
STRUCTURE
S
The dominant structural features are parallel anticlinal and 
synclinal axes plunging to the northeast. The anticlinal area, an extension 
of the Jefferson Dome of the Bronson Hill Anticline of New Hampshire, roughly 
corresponds with the area of the granite gneiss and the pre-Littleton for­
mations. The synclinal area roughly corresponds with the area of the 
Littleton formation and the instrusive of the New Hampshire plutonic series.
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The Alternation of younger and older units parallel to the 
anticlinal axis, together with the general constancy of plunge, indicates 
that the anticlinal stucture is superimposed on older folds. The map pat­
tern can be explained if the structure is an anticlinorium of parallel 
anticlinal and synclinal axes superimposed at about right angles,on an older 
set of approximately northwest-southeast folds (see diagram). Thus, the 
AIbee formation occupies an inverted anticline and the schist and quartzite 
unit, an inverted syncline with the noses of the areas of outcrop indicating 
the locations of the later fold axes. The first set of folds probably formed 
as flowage folds with axial planes dipping away from the Jefferson Dome. The 
rather tight second stage folding may in part reflect constriction of the 
Bronson Hill anticline between the plutons on either side. The southeast 
part of this structure is complicated by the unconformity and perhaps by 
tectonic flowage..
The syncline in the Littleton formation is an open structure with
a steep northwest limb and a gently dipping south limb. The center is
largely occupied by semi-concordant plutons, whose outlines suggest the fold 
pattern. Inconclusive evidence suggests that the syncline, like the anti­
cline, may have an intricate internal structure. Northwest-southeast folds 
of tens of yards amplitude may be seen on the south limb.
Faulting appears to be of minor importance, although it is indicat­
ed by silicified breccia along some contacts.
METAMORPHISM
Most of the quadrangle lies in the lower sillimanite zone of 
metamorphism. The orthoclase isograd, where potash feldspar and sillimanite 
occur in place of muscovite, is barely reached in the Mahoosuc Range. Lower 
grade rocks (staurolite zone) occur in a small area in the southeast (Puzzle 
and Plumbago Mountains) and in a larger area in the west central part of the 
quadrangle (including stops 1 through 5)« Kyanite and rarely andalusite occur 
in this area. The Umbagog pluton has a sillimanite grade aureole; the other 
plutons are at grade with the regional sillimanite zone. Retrograde metamor­
phlsm is minor, and mainly evidenced by chloritization of biotite.
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Mileage
0.0 Assemble in parking lot of Sampson's Red and White Market, one
block north and west of the Hotel Harris. Gross bridge, turn right
and then left following route 2.
0.6 Continue straight ahead ar.d follow route 120 to Andover.
8.8 View ahead of the nearly circular topographic basis around Andover,
underlain by a granite-granodlorite pluton. Petrographically it 
is similar to granitic rocks underlying some of the higher mountains
to the west. The latter, intrusions are smaller and contain many 
screens and pendants of metamorphic rocks, that may account for 
the increased erosional resistance.
11.3 Left, following route 120.
14-.6 Right, following route 120.
15.4 Andover. Enter the Old Speck Mountain quadrangle. Continue
straight ahead at stop sign.
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1 7.8 TTwo-mica schist and interbedded schist and quartzite all of the
Littleton formation (sillimanite grade), and quanodiorite of the 
New Hampshire plutonic series may be seen along the road and in 
the West Branch of the Ellis River for the next three miles. As 
the rusty yellow weathering indicates, the schists of the Littleton
formation are sometimes slightly sulfidic.
0
23.4 Right, in ditch. Dense, dark, partly bedded amphibolite, in­
truded by granite. This amphibolite is regarded as the basal 
member of the Littleton formation in this quadrangle.
23.5 STOP 1. Rocks typical of those near the gradational Albee-Ammono
osue contact. The white quartzite with fine laminations (pin- 
striping) is a characteristic AIbee formation type, although more
feldspathic here than is usual. The more chloritic and biotitic
varieties grade into rocks indistinguishable from the Ammonoosuc 
volcanics and metamorphosed tuffaceous sediments. The foliated, 
but only weakly layered, amphibolite beds were probably pre- 
metamorphic basalt sills. The light green or white mineral in
the veins is prehnite. This stop is near the sillimanite isograd
25.I STOP 2. Schistose quartzite of the AIbee formation (staurolite
grade), cut by an amphibolite dike. Note that the dominant 
foliation, ENE-W SW, parallel to the later structural axes, is 
a shear cleavage. The highly contorted pinstriping, which pre­
sumably indicates bedding, trends NNW-SSE and dips to the NE.
25.2 STOP 3. Foliated granite of a small sill lying near the Albee-
Ammonoosuc contact. Like some other small granite bodies lying 
within the Ammonoosuc volcanics, it resembles the Oliverian 
plutonic series petrographically.
Outcrops farther along the road are mapped as Ammonoosuc volcanic on 
the basis of the dominance of biotite and chlorite schist over quarzite.
The essentially volcanic nature of the assemblage is confirmed by the 
occasional presence of distinctly bedded amphibolite (metamorphosed basaltic
•  J
tuffJ. The outcrops are in the staurolite zone of metamorphlsm.
29.2 Route 26 in Upton. Turn left and then right on gravel road (Back
Street). Outcrops in the field at the intersection are Ammonoosuc 
volcanics, metamorphosed to gneiss and amphibolite in the metamor­
phic aureole of the Umbagog pluton.
29.5 Purplish, somewhat sulfidic, schistose quarzite of the schist and
quartzite unit.
29.8 Massive, rusty weathering, sugary white quarto-feldspathic rock.
Probably metarhyolite of the Ammonoosuc volcanics.
-28
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31.1 STOP 4. Pull over to the right to allow cars to pass after turn­
ing around. View to the south of the Mahoosuc Range from Old 
Speck Mountain on the left to Gooseye Mountain on the right, under­
lain by Littleton formation and intrusives of the New Hampshire 
plutonic series. The low country and the hills to the west are 
underlain by Ammonoosuck volcanic and granite gneiss of the 
Oliverian plutonic series. We walk along a thin schist member 
within the Ammonoosuc volcanics. The schist is peraluminous, as 
indicated by the presence of kyanite, and less abundant andalus­
ite and staurolite, but unlike ordinary pelitic schists, it has 
very little, usually only traces, of muscovite, indicating a low 
content of K20. The MgO/FeO ratio is unusually high, as indicat­
ed by the composition of the chlorites and biotites and also by 
the scarcity of garnet and staurolite. The unit is well bedded, 
with the original clastic texture preserved. Clastic granules of 
quartz may be seen and larger polymineralic fragments may also be 
primary clasts. The peculiarities of composition suggest benton­
ite, which is a montomerillonite rock produced by the alteration
of volcanic ash by sea water. This unit is interpreted as a poor­
ly sorted sediment containing a considerable amount of unstable 
(probably glassy) volcanic ash that was altered to montmorillonite 
soon after deposition.
Follow tracks behind bam up through fields. Behind bam is staurolite 
garnet schist, one of the most iron-rich varieties.
In the woods by the end of the steep bank near the top of the field is 
quartz granule-bearing kyanite schist. In the highest corner of the field 
is a sericitic, but otherwise very pure quartzite. Its genetic relation to 
this is obscure. PLEASE DO NOT EXTRACT QUARTZ CRYSTALS.
Follow track just below corner of field into woods for about 500 yards.
At the crest of the hill is white quartzite on strike with that in the field. 
About 125 yards beyond is biotite-chlorite-kyanite schist with quartz granules. 
About 50 yards in the direction of the dip is similar rock with a coarse 
primary (?) fragmental texture. Just beyond is amphibolite, presumably of 
original affinities, but exceptionally silica-rich .Return to cars. In the
•  w
lower fields are several varieties of Ammonoosuc volcanics, mostly metamor­
phosed felsic tuffs.
32.9 Turn right on route 26.
34.2 Schist and quartzite unit in several roadside outcrops. The rusty
weathering is characteristic.
35o3 STOP 5. (May be omitted in case of high water) Go through fields
to the Swift Cambridge River. Ammonoosuc volcanics, staurolite 
grade. The predominant type here is a finely laminated quartzo-
feldspathic metasediment, at least in part tuffaceous. There is
also dense dark amphibolite (metabasalt). First examine the
outcrop about 25 yards across the river at the head of the rapids. 
Here the metasediment is complexly and isoclinally folded. Note 
that the finest laminations are occasionally inclined to the fold 
limbs and may be secondary features. The amphilbolite shows sharp 
but somewhat crenulated contacts cutting across the folds of the
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metasediments. Hornblende needles are elongate parallel to the 
local plunge, but the amphibolites show little internal structure 
otherwise. The amphibolite may represent original dikes, sills, 
or even flows. Returning to the river we see the same cross­
cutting relationship for the thicker amphibolite bodies. The thin­
ner bodies are concordant, however (note particularly the down­
stream outcrops on the far side). In general, the divergence from 
the attitude of the metasediments seems to increase with the thick­
ness of the amphibolite. This suggest that the amphibolite bodies 
were all orginally concordant, and that the present discordant 
relationships are the result of the greatly differing competencies 
of the rock types during deformation. The overall structure seems 
to consist of open folds of some tens of yards amplitude plunging 
to the northeast. An amphibolite bed with a crenulated margin on 
the near bank of the river marks the nose of an apparent syncline.
It is believed that this folding is superimposed on an earlier 
stage deformation that produced the isoclinal fold. Return to cars. 
Just west of the highway is typical rusty weathering schist and 
quartzite unit.
Grafton Cemetery. All that remains of a community that had a 
population of over a hundred between 1850 and 1800, when virgin 
timber was to be cut.
Felsic Ammonoosuc volcanics, here rather sulfidic.
Grafton Notch. Old Speck Mountain ahead. Ledges to the right 
are Littleton formation mostly biotite schist; ledges ahead are 
granite.
STOP 6. LUNCH. Screw Auger Falls. This is a typical exposure in 
an intrusive of New Hampshire plutonic series. The dominant rock 
type is a biotite quartz monzonite, cut by dikes of pegmatite and 
aplite and containing occasional xenoliths of Littleton formation. 
The gorge of the Bear River may have been cut in the Pleistocene 
epoch, when Grafton Notch was the outlet for an ice-dammed lake to 
the north.
STOP 7- Littleton formation (sillimanite grade) and pegmatite.
The pebble beds determine the outcrop as conglomerate for mapping 
purposes, but much of the exposure shows the interbedded schist 
and quartzite lithology. Note the greater deformation of the 
quartzite pebbles than the vein quartz pebbles. Some lime silicate 
concretions are present. At the upstream end of the exposure is a 
well developed example of cleavage banding. Does the grading 
suggest isoclinal folding in this exposure?
Newry Corner. Turn right on route 2.
Turn right on gravel road; right again on paved road up Sunday 
River.
STOP 8. Park across bridge. Walk up road to left through gate 
and down bank to Bull Branch of Sunday River. Littleton formation 
(sillimanite grade). For several hundred yards upstream the pre-
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dominant rock is biotite schist (metagreywaeke), transitional into 
gneiss. Note the large lime silicate concretions, usually with a 
zonation produced during metamorphlsm. The rolling, low dipping 
attitudes are characteristic of the whole southern edge of the 
quadrangle east of the Mahoosuc Range. Above is the thinly bedded 
lime silicate unit here considered part of the Littleton formation. 
The fold has a nearly horizontal axis, a very gentle northeast 
limb and an overturned southwest limb and is the first of a series 
of similar folds exposed up-stream. These folds may be older than 
the synclinorium, perhaps related to the early stage folding in the 
anticlinorial area to the north. Many such folds may be present 
in the generally steeply dipping Littleton formation, but except 
in peculiarly fortunate situations like this, where a well-bedded 
unit crops out on the gently dipping limb of the synclinorium, 
they would be difficult to recognize. The stream boulders present 
an excellent collection of the rock types of the Mahoosuc Range. 
Note especially the porphyritic quartz monzonite (similar to that 
on Mt. Kinsman), the coarse sillimanite schist, and the occasional 
sillimanite orthoclase biotite granulites, the highest grade 
metamorphic rocks in this area. Go up bank to road, return to cars 
and drive back toward highway.
62.3 STOP 9» The ledges. Two-mica schist of the Littleton formation
transitional to gneiss. Most of the gneiss member has the granitic 
component in larger knots, and pods than are present here. The 
light colored fine-grained two-mica granite occurs especially in 
small bodies near the margins of more mafic plutons and in intimate 
association with the metamorphic rocks. The wispy structure 
parallel to the bedding in the adjacent metamorphic rocks suggests 
that this granite at least in part formed by transformation of the 
metamorphic rocks. Left on highway for Rumford, right and follow 
route 26 to the Maine Turnpike at Gray for the best route to Boston
and south.
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